Potential Output is a key factor for debt sustaintability analysis and for developing strategies for growth, but unfortunately it is an unobservable variable. Using three methodologies (production function, switching, and state-space), this paper computes potential output for CAPDR countries using annual data. Main findings are: i) CAPDR potential growth is about 4.4 percent while output gap volatility is about 1.9 percent; ii) The highest-potential growth country is Panama (6.5 percent) while the lowest-growth country is El Salvador (2.6 percent); iii) CAPDR business cycle is about eigth years. JEL Classification Numbers: C3, E5, F4
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I. INTRODUCTION
This paper studies alternative methodologies to assess growth in Central America, Panama and the Dominican Republic (CAPDR). These small economies are open to international trade and financial sector and consequently exposed to international shocks and cycles. It is remarkable how diverse economic policies could bring some much similarity in terms of growth. For instance, Panama and El Salvador have economies integrated to the international financial markets with no domestic currency or active monetary policy (at least in the traditional definition of monetary policy). With a different approach we have Nicaragua, a highly dollarized economy with a crawling peg exchange rate regime.
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Then we have the Dominican Republic, with a crawl-like arrangement for the exchange rate (IMF, 2011) and an inflation targeting regime (IT). And finally, Costa Rica, which is in the process of implementing an IT regime and currently has a managed arrangement for the exchange rate (IMF, 2011) .
Differences in economic growth have been attributed to a variety of ideas, most of them affecting total factor productivity. Accountability, quality of institutions, policy implementation (Swiston and Barrot, 2011) , resource misallocation and selection (Hsieh and Klenow, 2009; Bartelsman et al., 2013) , slow technology diffusion (Howitt, 2000) , and radical institutional reforms (Acemoglu et al., 2011) are among the core concepts used to give explanation of growth performance. This paper measures potential growth, output gap and output gap volatility for CAPDR countries using three different techniques. First, we have the production function approach, which decomposes GDP using employment and capital stock data, assuming certain technology. Next, we estimate and calibrate a switching regime model to associate growth and growth volatility for each state of the economy (recession, sustainable growth and overheating economy). 3 Finally, a state-space approach is used to decompose observed growth in potential and output gap (both unobserved variables). Main findings are that in CAPDR, potential growth is about 4.6 percent with an output gap volatility of about 1.8 percent. Second, the country with the highest potential growth is Panama (6.7 percent), while El Salvador has only 2.7 percent. Next, CAPDR business cycle is about eight years. Finally, it is well documented that there is a statistically negative correlation between potential growth and output gap volatility.
The rest of the article is structured as follows. Section II describes the production function approach and its results. Section III describes the switching model while section IV presents the state-space approach. Section V summarizes and elaborates a comparative analysis for the region. Section VI concludes, while GAUSS program codes and other methodological details are contained in the Appendix.
II. THE PRODUCTION FUNCTION APPROACH
The growth accounting exercise was performed over the 1994-2011 period. As it is standard in the literature, these economies were characterized by a Cobb-Douglas production function assuming constant returns to scale (CRS) technology:
( 1) where is output, and are capital and labor services (for simplicity, labor input is defined as the number of employees in the economy 4 ), while is the contribution of technology or total factor productivity (TFP); and where the output elasticities (α denotes capital-output elasticity) sum up to one reflecting CRS.
Because capital input is not available, it is generated using the usual perpetual inventory model (Epstein and Macchiarelli, 2010, Teixeira de Silva, 2001) as in:
where the depreciation rate δ was parameterized as 0.05 consistent with a vast empirical literature, while the initial capital stock is computed as * ⁄ . I * is the benchmark investment (calculated as the average proportion of investment in the total GDP) while g is the average growth of the economy during the sample period 1994-2011. Hence, based on these parameters, the initial capital stock is derived by: ⁄ • ⁄ . The procedure was implemented across CAPDR.
Since TFP is not observable, the usual procedure applies and is computed inverting the technological process from equation (1) as follows: (3) Now with the TFP series and using the other inputs in (1), it is possible to decompose GDP growth (Figure 1) .
A. Empirical Results for the TFP Approach
This section presents the output growth decomposition and the factor's contribution to growth. Next section, output gaps are generated using the production function approach. All the variables (labor, capital and output measured by GDP) have been logged, and as we said, sample period is 1994-2011.
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Average regional growth is about 4.3 percent with Panama and Dominican Republic leading the region in terms of growth and volatility, while El Salvador and Nicaragua present the worst performance (Table 1 and Figure 1 ). In terms of decomposition, capital dynamic explains most of the growth in each country with about 2.1 percent on average for the region, while labor explains 1.5 percent of the regional growth. One interesting and robust result is that TFPs explain about 0.8 of the total regional growth presenting the highest standard deviation (2.3 percent). Dominican Republic and Panama present a TFP of about 2 percent while Honduras and Nicaragua report negative TFPs (-0.4 and -0.2 percent, respectively).
Given the relatively stable contribution to growth of the capital stock (about 2.1 percent with a standard deviation of 0.4 percent; see Table 1 ), reflected in its low volatility across countries (0.7 percent in average), the exercise reveals the negative correlation between labor and productivity growth. It is common feature that when employment increases in episodes of low GDP growth (below trend or in recessionary cycles), the residual TFP reports negative contribution. This was the case for instance for Costa Rica 2000 , El Salvador 2009 , Nicaragua 2000 , and Panama 2001 -2002 It is symptomatic that low TFPs explain most of the low level of growth for nearly all of the countries in the region. Policies conducted to increase productivity would help to increase potential growth in cases such as Costa Rica, El Salvador, Honduras and Nicaragua. Also policies to increase labor participation would enhance growth. This is the case of countries such as Dominican Republic and El Salvador, where the labor contribution of about 0.7-0.9 percent seems very low. 
B. Computing the Output Gap
In the production function approach, output gap is computed using the TFP generated from (3), but rewriting the production function (1) now using trends for all the variables. The standard Hodrick-Prescott (HP) filter 6 is used to generate those trends assuming a smoothness parameter lambda of 100 (the full-capacity stock of capital is approximated by the actual so the HP filter was not applied to the capital stock).
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The assumption of constant returns to scale was maintained in all countries, calibrating in 0.5 the elasticity of labor to output 1 .
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So, starting from the following expression: * * *
output gap is calculated as a percentage of the potential output as follows:
However in our analytical implementation, we used the logarithmic approximation as in:
We now turn to compute the output gaps for CAPDR.
C. Empirical Results: TFP Vis-à-vis HP
Using the standard HP filter as a benchmark, the computed potential outputs show not much difference in terms of the output gaps for all CAPDR countries (Figures 3 and 4) . Figure 3 provides measures of potential output (all in logs) and output gaps for each country on the region using the production function approach while Figure 4 provides the same analysis using the HP de-trending method.
A regional comparison of the output gaps are represented in the bottom two charts of Figure  3 . The left chart at the bottom provides some evidence of the high correlation among regional output gaps. Magnitudes, frequencies and synchronization of the cycles look similar, aiming the hypothesis of a common factor driving regional growth. The international trade linked to the US economy could be part of the explanation of this common cycle. The following two charts ( Figure 2) (as we will see, this result is consistent across methodologies).
A number of conclusions are worth emphasizing here. First, the production function and the HP de-trending methods provide indistinguishing results in terms of output gaps for CAPDR countries. Second, there exists a considerable synchronization among the CAPDR output cycles, which could be partially explained by the US output dynamic.
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Third, all the countries, with the exception of Panama, seem to present an output gap by about zero at the end of the sample (or statistically zero if we consider a 95 percent confidence interval for the CAPDR output gap). Finally, the average business cycle seems to last about eight years.
9 By overheating we mean growing above potential or trend, implying a positive output gap and consequently inflationary pressures. The usual pass-through to inflation is invoked but not tested here. 10 This hypothesis, causality tests and the inclusion of the US growth into the model were left for future research. 
III. SWITCHING MODEL
This section applies the switching model to compute steady-state growth and output gap volatilities for CAPDR countries.
Regime Switching models provide a numerical interpretation of the idea that the time series data generating process can be generated using a mixture of stationary processes 11 each represented with different probability density functions (Hamilton, 1989 (Hamilton, , 1990 (Hamilton, , 1993 (Hamilton, and 1994 In this approach, the actual data is represented by a continuum jumping from a finite set of probability density functions, each representing a specific scenario or state of the economy. This section develops the switching regime process and presents the iterative expected maximization (EM) algorithm used to generate those density functions.
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Let's consider a variable y t that comes from N different states (s t =1,...,N), each one represented by its own probability density function
It is straightforward to define the associated density function as:
where the unknown parameters are represented by vector
 . The random variable s t is generated from some distribution function where the unconditional probability that s t could be equal to j is denoted by π j . Analytically:
where now the set of conditional information Γ is expanded to include the probability vector π, whose non negative elements sum up one.
Using the Bayes' theorem 14 we can say that the joint probability for a random variable y t and the state s t is given by:
11 Stationarity means a stable variance-covariance matrix.
12 See Kim and Nelson (1999) for further details on these topics. 13 Mizrach and Watkins (1999) mentioned that the EM algorithm is very robust contrasting the traditional hillclimbing gradient techniques. However it is highly computer intensive, which decreased its attractiveness. For a complete evaluation of alternative univariate non linear optimization routines, see Potter (1999) .
14 Bayes' theorem or Bayes' rule establish that: 
(9) Consequently, the unconditional distribution function for y t will be represented by:
As is usual, assuming independent and identically distributed (iid) observations for all t=1,2,3....,T, the optimizing equation can be represented by the natural logarithm of the joint density function or the likelihood function (LMLE) for the vector  :
What's interesting about this methodology is that using the estimated coefficients we can compute the probability of being in each scenario/state. To compute these probabilities it is necessary to provide the observed y t to the unconditional probabilityˆj  as in: 
The traditional optimization procedure to solve this problem consists in estimating the vector of coefficients of the log-linear transformation maximizing its logarithmic function through traditional gradient methods
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. More precisely, Mizrach and Watkins (1999) mention that this kind of problem can be solved by two alternative methods. First methodology is related with the traditional Hill Climbing techniques using gradient numerical search algorithms. Standard procedures include Newton-Rampson (NR), Broyden, Fletcher, Goldfarb and Shanno (BFGS), and the Davidon-Fletcher-Powell (DFP) 16 methods.
A second methodology consists in the application of the Expected Maximization (EM) algorithm developed by Hamilton (1990 Hamilton ( , 1991 . 17 The algorithm consists in a two-stage 15 Johnson (2000) evaluates alternative optimization methods, considering the traditional hill-climbing techniques and the most advanced genetic algorithms optimization methods. It is shown that genetic algorithm methods are very efficient in finding the optimal parameter vector, although computer-intensive. 16 All these methods are available in GAUSS and MATLAB libraries. A good description can be found in Hamilton (1994) , Press et al. (1988) , Thisted (1988) and Mittelhammer et al. (2000) . 17 Could be the case that the maximum likelihood function is infinite if some scenario's distribution mean is equal to any observation, where the variance of this state equals to zero. Hamilton (1991) uses a "pseudoBayesian" procedure to solve this problem, modifying the numerator and the denominator by some constant, to (continued…) procedure where the stopping rule is defined by some distance criteria applied to the estimated parameter vector  along the k th =min{k,K} iteration. First step builds the expectation (E) assuming a vector of parameters
for the k th iteration, while second stage maximizes (M) the log-likelihood function generating new
The iterative procedure considers the following system of three equations, each one computing the mean, the volatility and the probability:
where
, with f representing the normal density function.
The following section applies this methodology to CAPDR countries.
A. Application to CAPDR: Identifying Potential Growth and Output Gap Volatility
According to this methodology, first we need to identify the number of states under analysis. We set the number of states or scenarios to three 18 : i) recession or low grow, ii) sustainable growth, and, iii) boom or overheating. The second scenario called "sustainable growth" will characterize the state in which the economy is growing at its potential or long term sustainable trend. The other two distributions will represent long-term unsustainable scenarios: economies cannot run continuously in recession or overheating (these are not "absorbing states" in transition matrices' taxonomy). Accordingly, fine tuning or structural policy measures are expected to be implemented by the authorities to help containing growth along those sustainable paths.
avoid this indeterminacy problem in the iterative system of equations. It was not necessary to implement this modification in our algorithm as indeterminacy was not an issue.
Once we applied the switching model, we obtain the mixture distribution for growth. The following table describes the convergence values for mean growth, volatility and the unconditional probabilities for each scenario, after the algorithm stopped (k* iterations).
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Table 2. Switching Model: Three States for the Economy
Estimates of potential growth in Table 2 are at least diverse, with regional potential average of about 4.8 percent (in overheating, regional growth is obviously higher however presents less volatility). The growth estimates for the recessionary state are not always negative given that in countries such as Panama, Costa Rica and Dominican Republic, average growth were not negatives. On the opposite, El Salvador, Honduras and Nicaragua experienced episodes of negative growth.
In addition, the table suggest some support for the possibility that for almost ten years (57.7 percent of the sample), CAPDR economies experienced sustainable growth patterns, and 19 In the GAUSS code (see appendix) the iterations are indexed with the letter m. It was considered a maximum of k=10000 iterations, however convergence was achieved earlier. It is possible to compute the probability density functions for the three scenarios for each of the CAPDR countries (Table 2) .
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This is reported in Figure 5 . The distributions on the right of each chart (red-dashed line) represent the probability density function of an overheating economy. For the Dominican Republic the leptokurtosis is evident in this state given the low probability of this event (9.3 percent of the sample, about 1½ years). For this scenario, Costa Rica and Honduras also exhibit similar features.
Left-hand side distributions in Figure 5 represent probability density functions for the lowgrowth scenario. El Salvador and Honduras show a clear negative figure for this scenario with average growths of -3.1 and -1.8 percent, respectively. Nicaragua presents a slightly negative average growth (-0.2 percent) with a standard deviation of about 0.8 percent, a bit below CAPDR (0.9 percent). Under this scenario, leptokurtosis is also present in El Salvador and Guatemala, with very low volatilities.
In our discussion, the relevant analysis should be centered on the sustainable growth distribution (probability density functions located in the middle of the charts in Figure 5 ). By construction, these distributions represent growth in economies without inflationary pressures (in theory, because this is not included in the model). Here authorities should take a neutral stance in term of monetary-fiscal measures. In a normal economy (a textbook case) monetary policy should be neutral, with interest rate aligned with the long term inflation (which is the targeted inflation) and long term real interest rate (which could be approximated to the real GDP per capita growth). Dominican Republic, Panama and Costa Rica reported average growth rates of/above 5 percent, above the other economies. Nicaragua has an average potential growth of about 4 percent with a standard deviation of 0.9 percent; Honduras presents a potential growth of 3.7 percent with the lowest standard deviation in the region (0.7 percent); Guatemala reports a potential growth of about 3.4 percent with a volatility of about 0.7 percent; finally, El Salvador reports the lowest potential growth under this scenario with a 2.8 percent and a standard deviation of about 1.1 percent, slightly above the CAPDR volatility (0.9 percent).
In terms of unconditional probabilities, the region reports a 58 percent of chances to be in this scenario, clearly above the other two events (23.4 percent for recession and 19 percent for overheating). However, the evidence of leptokurtosis in the distributions for Costa Rica and Panama was also reflected in their probabilities: these are the only countries with probabilities below 50 percent (35 and 27 percent respectively). Remarkable are the cases of Guatemala and El Salvador reporting very high probabilities (85 and 77 percent, respectively). 
Growth
Overheating State Sustainable Growth State Low Growth State
B. Identifying Conditional Probabilities
Mixture approach allows generating probabilities of being in each state or scenario conditional on actual GDP, for all CAPDR countries. The implemented procedure does not impose any corner solutions for the probabilities (0 percent or 100 percent), in such a way that it is possible that given all the available information for any particular date, the probabilities differs from those extreme values. Even when each distribution function overlaps with others scenario distributions, the procedure is efficient in identifying the state in which the economy is.
Conditional probabilities are reported in Figure 6 , along with a heat-map at the bottom, to be explained and discussed later. Certainly, they are by construction in line with the unconditional probabilities presented in Table 2 and also with the output gaps reported in Figure 7 . The decomposition from the unconditional (all sample) to the conditional probabilities were built using economies' output.
In general, there are jumps from one distribution to another as we should expect. The persistence of some states or scenarios, measured and observed through the value of the corresponding probability, is the result of the actual output path. To better understanding of the outcomes, let's discuss some of the results in detail. In Costa Rica for instance, there are three episodes of overheating: 1992-93, 1998-99, and 2006-07. After the last episode of overheating, the international financial crisis hit the country increasing the probability of being in a recessionary state. As a consequence of this, the probability of being in a recessionary state increases to almost 100 percent in 2008, reaching 100 percent by 2009. For 2010-11 the negative effects of the international crisis decrease and the economy moves into a scenario of sustainable growth. Now we will focus the analysis in the last segment of the sample. The Dominican Republic was facing sustainable growth patterns during 2007-08. Even when the international financial crisis was spread worldwide, its immediate impact on this country was minor. This result is supported from the probabilities of being in a sustainable or a recessionary state: 50 percent each scenario in 2009. Next couple of years, probabilities switched in favor of the sustainable state with a probability of about 95 percent.
The assessment for El Salvador, Guatemala, Honduras and Nicaragua is similar for the last segment of the sample. Countries were experiencing sustainable growth patterns by 2008. However after the crisis, all economies switched immediately to recessionary states. The probability of being in sustainable growth paths decreased to zero while the chance of being in a recession was one hundred percent. The negative impact was transitory, as all the economies recovered its sustainable status by 2010-11.
The story in Panama is somehow different. During 2007-08 the economy was clearly overheated, and during 2009 the economy moved transitorily to a low-growth growth scenario, recovering the next year. By 2011, Panama was the only economy in the CAPDR region with overheating signs as the probability of this event was 100 percent.
The results of our analysis show that, although all economies were affected by the international financial crisis, all of them recovered very quickly reporting scenarios of sustainable growth for 2010-11. The only country experiencing an overheating status by 2011 is Panama.
The following section develops an indicator that summarizes the three probabilities into one.
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This innovative concept will help to understand the performance of the regional potential growth.
C. Conditional Probabilities and Cycle Indicator Function
It is useful to build a comprehensive indicator to follow the performance of the economy using as inputs the probabilities calculated in the previous section. Specifically, the following index is computed to analyze the overall picture of growth using as inputs the probabilities presented in Figure 6 and calculated from the switching model. Instead of presenting the charts for the CAPDR economies, a summarized heat-map was built (bottom-right chart on Figure 6 ). This illustration points out eventual "inflationary pressures" (or overheating economies) just by looking at the color of the cells, generated using the output growth dynamic according to the computed switching probabilities. The color spectrum goes from blue, which indicates a recessionary scenario, to red depicting an overheating state. As we discussed in the previous section, most of the economies were experiencing sustainable growth patterns by 2008, with the exception of the overheating situation in Panama (red shade) and the cooling scenario in the Costa Rica (blue cell). Once the international financial crisis hit the region in 2009, all the economies went into a recessionary state (blue cells in the chart) to quickly recover and reach sustainable growth patterns by 2010-11. The only exception of this recovery is Panama which reaches an overheating scenario during 2011. The main conclusion of this analysis is that potential output growth is about 4.8 percent for the region, with a standard deviation of about 1 percent, implying that most of the countries report a potential growth between 3.8 and 5.8 percent. However, some heterogeneous results can be observed beyond the one-standard deviation confidence interval: economies such as El Salvador reports potential growth of about 2.8 percent while economies such as Panama and the Dominican Republic present potential growth over 6 percent. As a general conclusion it is possible to assert that after the crisis hit the region in 2009, all CAPDR economies experienced a fast recovery by 2010-11, going through patterns of sustainable growth. Only Panama seems to be suffering from overheating in 2011.
The following section presents the last approach to assess and measure potential growth and output gaps: the state-space model.
IV. STATE-SPACE MODELS
This section develops the state-space approach to identify and decompose the observed GDP growth in two components: the potential output and the output gap. The general structure of the model is represented by two blocks of equations which characterize the state space system: the measurement and the state equations.
(16) Equation (15) The dynamic of the state variables is represented by the state equation (16). As is standard, the error term is assumed to be uncorrelated with the error term of the measurement equation (15), and in general is represented by a data generating process (DGP) centered in zero, normally distributed, and with a diagonal variance covariance matrix Q:
The ML estimation of the state space representation (15)- (17) is performed using the Kalman filter method (KF). This is a recursive process based on two stages: prediction and correction. For prediction we use some prior information on estimates of the parameters  0 ,  1 , H and A, and the variance covariance matrices  and Q, while for the correction, we use the posteriors on the estimates and the variance covariance matrix. The Kalman factor makes use of prior information to generate the posteriors, and this learning procedure is repeated iteratively until all the sample data is analyzed. In the following sections we present the two specifications applied to the CAPDR economies.
The following section reports the estimation of the coefficients associated to the two statespace models developed previously.
C. Estimation and Empirical Results
23
This section presents the results of the methodology that decomposes output into potential output and output gap, considering the models discussed above. Table 3 shows a summary for both the basic and extended specification (Models I and II).
To begin, we estimate the simple version of the State-Space model, called Deterministic Drift (Model I). Panama is the greatest-potential growth country in the region with 5.6 percent, and Nicaragua is the lowest-growth country (3.3 percent). Furthermore, Panama and the Dominican Republic share the highest volatilities in the region with an output gap standard deviation of about 2.4 percent. The lowest-volatility country is Guatemala with 0.8 percent.
In this specification all the coefficients are statistically significant at 5 percent of confidence.
The alternative specification (Model II) adds dynamic to the drift allowing for mean reversion in the process (see last section for details). As in the previous model, almost all the coefficients of this representation are statistically significant (with the exception of some β).
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For all countries, the steady-state potential growth was higher (parameter µ) and also statistically significant. For the first model CAPDR average potential growth was 4.37 percent while for the second specification, potential growth is 4.68 percent.
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As average growth increases also does volatility. Output gap volatility was about 1.96 percent in Model I while 2.1 percent for the second model. Finally, the velocity in which output returns to its trend after a shock could be measured through β. For most countries is either low and/or statistically insignificant. The exception is Nicaragua with a β equals to 0.3824, meaning that after a shock output will return to its steady growth in just about 2½ years (inverse of 0.3824). The first and second order coefficients for the output gap are barely constant for the region (simple average) across models (1.04 and -0.51 for model I, and 1.14 and -0.45 for model II).
In conclusion, state-space models offer a good tool to decompose output in potential output and output gap. The models considered in this section gave almost similar measures for the potential output levels. Some downside bias could be emerging in the basic specification which makes us prefer the second model; here, the potential growth is always higher acrosscountries. The same result applies for the output gap volatility given that for the second specification the CAPDR volatility is also higher. Figure 8 reports potential output and output gaps considering the second specification. In the aggregate figures, this approach offers no major differences in comparison with the other two methodologies. However its flexibility to include in the model more "economics" is huge.
Some final conclusions are worth emphasizing here. First, average output growth for the CAPDR is about 4.7 percent with an output gap volatility of about 2.1 percent. Second, output gap seems to be well represented by an AR(2), whose autocorrelation coefficients were consistently statistically significant in both specifications. Third, consistently with the previous approaches, Panama is the highest-potential growth country, and it is the only overheated economy in 2011 (last two charts, Figure 8 ). All the remaining economies present insignificant output gaps for 2010-11. Finally, the output cycle is about 8-10 years even though the confidence interval is wider than in the previous approaches. 
V. SUMMARY OF THE MODELS
This section presents a summary of the estimations but now focusing in the CAPDR region.
Results are broadly consistent with Sosa et at. (2013), and IMF (2013) . Average potential growth for the region is about 4.4 percent (this is computing the average for the three approaches), with an output gap volatility of about 1.9 percent. El Salvador is the lowestgrowth country with an average of 2.6 percent, followed by Guatemala with 3.5 percent. On the top of the list are Dominican Republic and Panama, growing at 5.9 and 6.5 percent. The main conclusion in measuring potential output growth is the robustness found in the three approaches. Without having a theoretical measure to define potential output and consequently output gap, we found in these three methods a source of consistency with some minor divergences and heterogeneities ( Figure 10 ). For Costa Rica and El Salvador, the potential growth is very similar; however Panama is the country with the lowest robustness across the three approaches. The other countries report output growths with some variability. Upper Bound (one s.d.) Even though potential output is robustly measured in the three approaches, resulting is very similar frequencies; the output gap variability is different depending on the model used to get the potential output gap (see Figure 11) . Between the production function approach and the state-space differences are not so remarkable; however the switching model reports consistently the lowest output gap volatilities. This is because the approach distinguishes and captures with high precision the event of sustainable growth, filtering the output gap cycle from the unsustainable events such as overheating and recessionary states. This clear demarcation is not present in the other two methods. 
VI. CONCLUSIONS
This paper develops three methodologies to measure potential output, potential growth and output gap. The production function approach, the Switching methodology and the statespace models where applied to CAPDR countries.
Using annual data from 1994-11, we have shown that the output business cycle is about eight years, with an average potential growth of about 4.6 percent, and an output gap volatility of about 1.8 percent.
Moreover, the negative effect of the financial crisis vanished after one year. All the countries report closed output gaps for 2010-11, with the exception of Panama who presents overheating signs during 2011.
We sustained that the lowest-potential growth country is El Salvador, with an average of about 2.7 percent and with a standard deviation for the output gap of about 1.3 percent. On the other side of the spectrum, we found that the highest-potential growth country was Panama, with an average growth of about 6.7 percent and an output gap standard deviation of about 2.2 percent, the second volatility in the region after Dominican Republic (2.4 percent).
Finally, while there are significant differences in potential growth across countries, the results were robust to the alternative methods. Accountability, quality of institutions, policy implementation (Swiston and Barrot, 2011) , slow technology diffusion (Howitt, 2000) , resource misallocation and selection (Hsieh and Klenow, 2009; Bartelsman et al., 2013) , and radical institutional reforms could be some of the key elements to explain differences in potential growth. This seems as a fertile area for future research.
APPENDIX
A. Switching Model: Gauss Code
GAUSS Code to estimate the switching model using the EM algorithm under three states of the nature. The variable "y" represents real GDP growth. This code was run in GAUSS8.0.6. @ Gauss Code for Markov Switching with three Scenarios: Christian Johnson, 2013© @ max=10000; s=3; ps=zeros(s,rows(y)); tol=.000001; mu=(meanc(y)+2*stdc(y))*ones(1,max)|(meanc(y)-0*stdc(y))*ones(1,max)| (meanc(y)-2*stdc(y))*ones(1,max); sd2=stdc(y)^2*1*ones(1,max)|stdc(y)^2*1*ones(1,max)|stdc(y)^2*1*ones (1,max) sample 1990-2011@ serie=seqa(1991,1,(2011-1990) 
